Purpose To assess tear cytokine levels and clinical outcomes in meibomian gland dysfunction (MGD) in the blind eye of patients wearing an ocular prosthesis after 2 months of treatment with topical loteprednol etabonate and eyelid scrubs with warm compresses. Patients and methods This study included patients with MGD wearing a unilateral ocular prosthesis for more than 1 year. All patients topically received 0.5% loteprednol etabonate and were instructed to scrub their eyelids with warm compresses on the prosthetic eye for 2 months. We evaluated tear cytokine levels using Multiplex Bead Immunoassays, performed biomicroscopic examination of the lid margins and meibomian gland, conducted meibography imaging, and assessed MGD-related ocular symptoms using a questionnaire for the prosthetic eye before and 2 months after treatment. Results Thirty consecutive patients were included. There were significant reductions in the levels of interleukin (IL)-6, interferon-γ, monocyte chemotactic protein-1, IL-8, tumor necrosis factor-α, and IL-1β (Po0.001 for each cytokine). Moreover, there were improvements in ocular symptoms (P = 0.001), lid margin abnormalities (Po0.001), meibomian gland expressibility (Po0.001) and meibography findings (P = 0.037). Conclusion Topical loteprednol etabonate in conjunction with eyelid scrubs and warm compresses were effective in treating MGD in prosthetic eye wearers. Furthermore, tear cytokine measurements may serve as an additional approach for evaluating the efficacy of anti-inflammatory treatment for MGD in prosthetic eye wearers.
Introduction
Patients wearing prosthetic eyes often experience symptoms including dryness, irritation, discomfort, and discharge. Indeed, questionnaire-based investigations have reported that most prosthetic eye wearers are concerned about watering, crusting, and discharge in the affected eye. 1, 2 In the clinical setting, many prosthetic eye wearers with ocular discomfort are prescribed artificial lubricants to relieve their ocular symptoms. However, some patients still continue to experience discomfort, even with long-term use of artificial lubricants. 3 Meibomian gland dysfunction (MGD) is a chronic, diffuse abnormality of the meibomian glands commonly characterized by terminal duct obstruction and/or qualitative and quantitative changes in glandular secretion. 4 The meibum lipid is modified in patients with MGD, resulting in tear instability, evaporative dry eye, and eyelid inflammation. 5, 6 In our previous study, we demonstrated significant loss of the meibomian gland in eyelids with an ocular prosthesis compared with normal eyes, possibly due to the rubbing of the eyelid margin against the prosthesis, inducing hyperkeratinization and inflammation. 3 Initial conservative therapy for MGD often includes a combination of warm compresses in addition to eyelid scrubs; however, many patients will not achieve significant improvement with this therapy alone. 7 Pharmacological therapy for MGD includes topical or systemic antibiotics, topical cyclosporine, and topical corticosteroids. [7] [8] [9] Recently, topical loteprednol etabonate was shown to improve symptoms and clinical features by reducing inflammatory cytokine levels in MGD-associated dry eye disease. [10] [11] [12] Topical loteprednol etabonate has the potential side effects of steroid-induced glaucoma and cataract formation, although it is associated with a relatively lower risk of clinically significant increases in intraocular pressure than other conventional corticosteroids. 13, 14 Therefore, clinicians may not use it as a first-line therapy. 7 However, the aforementioned side effects of steroids are not a concern in prosthetic eye wearers.
The determination of the MGD stage is a fundamental step for planning treatment options and evaluating the efficacy of treatment. 12 Evaluating the severity of MGD, however, is difficult in the eyelids of the anophthalmic socket compared with the normal eye. The Ocular Surface Disease Index, the most widely used and validated questionnaire, is inapplicable to prosthetic eye wearers because it emphasizes vision-related functions such as reading difficulty and blurred vision. 15 Moreover, measurements of tear break up time and assessments of ocular surface damage with fluorescent dye staining are impossible in prosthetic eye wearers. On the other hand, tear cytokine levels are correlated with MGD severity because they play an important role in the chronic inflammation associated with MGD. 16, 17 Moreover, the concentration of multiple cytokines significantly decreases after treatment of MGD. 12, 18 Therefore, tear cytokine levels can be used as an objective criterion for diagnosing MGD and analyzing the efficacy of treatment. 18 In this study, we evaluated improvements in MGD after administration of topical loteprednol etabonate and eyelid scrubs with warm compresses by determining tear cytokine concentrations and multiple clinical parameters. To our knowledge, this is the first study to evaluate the efficacy of topical corticosteroids in the treatment of MGD in prosthetic eye wearers, and the efficacy of MGD treatment in prosthetic eye wearers via measurements of tear cytokine concentrations.
Subjects and methods
This study included patients diagnosed with obstructive MGD who wore a unilateral ocular prosthesis for more than 1 year. The diagnosis of MGD was based on the presence of ocular symptoms, lid margin abnormalities (irregular lid margin, vascular engorgement, plugged meibomian gland orifices, and anterior or posterior replacement of the mucocutaneous junction), poor meibum expression, and the loss of meibomian glands based on noninvasive meibography. 19 Because one of the underlying mechanisms of MGD may be the rubbing of the eyelid margin against the prosthesis, 3 a poorly managed and damaged prosthesis could have a greater impact on the development of MGD. Therefore, this study included only those patients who regularly visited our clinic and kept their prostheses in a fair condition. Patients with inflammation or infection of the socket, or lid abnormalities such as an ectropion or entropion, were excluded from the study. Patients who had socket problems, such as implant exposure or fornix contracture, or a poorly fitted prosthesis were also excluded. Additionally, patients were excluded if they had been using any topical ocular or systemic medication for treatment of MGD or dry eye syndrome, except artificial tears, including topical or oral antibiotics, topical cyclosporine A, topical steroids, topical nonsteroidal anti-inflammatory drugs, and topical ocular allergy medications within the past 3 months.
Thirty patients were enrolled consecutively from the Severance Eye and ENT Hospital, Yonsei University College of Medicine, Seoul, South Korea, between March 2016 and June 2016. All patients topically received 0.5% loteprednol etabonate (Lotemax; Bausch and Lomb Inc., Rochester, NY, USA), which they applied four times daily following the use of eyelid scrubs with warm compresses twice daily to the prosthetic eye for 2 months. Each patient was asked questions regarding their demographic status and duration of prosthesis use. A chart review was conducted to survey the type of ophthalmic surgery, such as evisceration or enucleation.
This interventional case series was approved prospectively by the Institutional Review Board of Severance Hospital, Yonsei University College of Medicine (Seoul, South Korea), and conducted according to the Declaration of Helsinki and Good Clinical Practices. Informed consent was obtained from all individual participants included in the study.
Ocular symptoms, eyelid margin, meibomian gland expressibility, and meibomian gland loss assessments with meibography were performed in the prosthetic eye and paired normal eye before treatment, and in the prosthetic eye after 2 months of treatment. Tear cytokine analysis was performed in the prosthetic eye before treatment and after 2 months of treatment. Patients were instructed to perform standard eyelid management via face-to-face education and were instructed not to wipe or scrub their eyelid margins on the day of tear sampling. 20 More than 20 μl of tears were obtained without topical anesthesia using a disposable 5-μl microcapillary tube from the lower conjunctival sac near the lateral canthus after prosthesis removal. An attempt was made to collect the tear fluid samples without trauma. Tear samples were placed in microtubes (Eppendorf, Westbury, NY, USA) and stored at − 70°C until further examination. Cytokines were measured using Multiplex Bead Immunoassays (Invitrogen, Carlsbad, CA, USA). The cytokines analyzed were interleukin (IL)-6, interferon-γ, monocyte chemotactic protein-1, IL-8, tumor necrosis factor-α, and IL-1β. The measurements were performed as previously described. 21 Briefly, 20 μl of tear samples were diluted 10 times with assay diluent (Human cytokine 10-plex; Invitrogen). A total volume of 100 μl from each sample was used. Cytokine levels were measured with a Luminex 100 TM system (Bio-Rad Laboratories, Hercules, CA, USA). Raw data (mean fluorescent intensity) were analyzed using Bio-Plex Manager Software (Bio-Rad Laboratories) to obtain concentration values.
Ocular symptoms were determined as described previously. 3, 22 To increase the suitability of the questionnaire for measuring ocular symptoms in patients wearing a prosthetic eye, it was modified by omitting visual disturbance factors such as glare, reading difficulty, driving difficulty, and blurred vision. 3, 19 Ocular symptoms were assessed using a five-point categorical scale with the following frequencies: none of the time (0 points), some of the time (1), half of the time (2), most of the time (3), and all of the time (4). Patients were asked to assign severity ratings using this scale to the following symptoms: ocular fatigue, discharge, foreign body sensation, dryness, discomfort, sticky sensation, pain, tearing, itching sensation, burning sensation, heavy sensation, excessive blinking, uncomfortable in windy conditions, and uncomfortable in very dry conditions. A history of chalazion or hordeolum was assessed using a three-point categorical scale: no experience (0 point), having occurred, but not frequently (2), and frequently occurring (more than once per year) (4). The ocular symptom score was determined by calculating the sum of each individual score, with total possible scores ranging between 0 and 60 points. The score was converted to a score out of 100.
Microscopic examination of the lid margins and meibomian glands was performed as previously described by one physician who was masked to the clinical information. 3 The physician scored the presence or absence of the following lid margin abnormalities: irregular lid margin, vascular engorgement, plugged meibomian gland orifices, and anterior or posterior displacement of the mucocutaneous junction. 19 If any of these signs were present, one point was assigned for each item, with a possible score range of 0-4 points. Meibomian gland expression was assessed by assigning grades for clarity and ease of meibum expression as follows: clear meibum and easy expression (grade 0), cloudy in response to mild pressure (grade 1), cloudy in response to moderate pressure (grade 2), and no expression in response to hard pressure (grade 3). 23 LipiView interferometer (TearScience Inc., Morrisville, NC, USA) imaging was performed and meibography scores graded according to meibomian gland loss as described by Arita et al. 24 The meibography score was graded by one reader who was masked to the clinical information. The meibography score was analyzed in the upper and lower eyelid separately. The total meibography score was calculated as the sum of meibography score of upper eyelid and lower eyelid.
Data analysis
Statistical analyses were conducted using R version 3.1.2 (R Foundation, Vienna, Austria). Differences were considered statistically significant when the P-values were less than 0.05. A Wilcoxon signed-rank test was used to compare ordinary categorical variables such as the lid margin abnormality score, meibomian gland expression score, meibography score, and ocular symptom scores. The Wilcoxon signed-rank test was used to compare tear cytokine levels between baseline and after 2 months of treatment because the changes in the concentration of each cytokine before and after treatment were not normally distributed when the Shapiro-Wilk test was performed.
Results
In total, 30 patients who had used an ocular prosthesis for longer than 1 year were treated with topical loteprednol etabonate four times daily following eyelid scrubs with warm compresses twice daily. The treatment was well tolerated, none of the patients discontinued the study, and no adverse event was noted.
The patients' clinical characteristics are summarized in Table 1 . The mean patient age was 46.3 ± 15.8 (range, 20-77) years and the mean duration of prosthesis usage was 10.7 ± 10.2 (range, 1-40) years. The most common cause of ophthalmic surgery was trauma (60%) and evisceration was the most common type of eye removal surgery (50%).
The baseline clinical features, meibography findings, and ocular symptom score of the prosthetic eye and paired normal eye are presented in Table 2 . The lid margin abnormality score and meibomian gland expression score were significantly higher in the eyelids of prosthetic eyes compared with the normal eyelids (Po0.001 for each case; Table 2 ). Meibography scores were also significantly higher in the eyelids of prosthetic eyes compared with normal eyelids (Po0.001; Table 2 ).
Eye
Furthermore, the mean ocular symptom score of the eyelids with an ocular prosthesis was significantly higher than that of normal eyelids (P = 0.001; Table 2 ). Table 3 compares the cytokine concentrations of tears from the anophthalmic socket before and after treatment. All tear cytokine concentrations (IL-6, interferon-γ, monocyte chemotactic protein-1, IL-8, tumor necrosis factor-α, and IL-1β) significantly decreased after treatment (Po0.001 for each cytokine; Table 3 ). Additionally, clinical lid findings, meiboscores of the lower eyelid, and ocular symptom scores improved significantly after 2 months of treatment with topical loteprednol etabonate and eyelid management (Po0.001, P = 0.037, P = 0.001, respectively; Table 4 ), although meiboscores of the upper eyelid remained unchanged.
Discussion
The findings of this study suggest that topical loteprednol etabonate with eyelid management for 2 months was effective in improving symptoms and signs of MGD in prosthetic eye wearers. The treatment also significantly decreased the concentration of the inflammatory tear cytokines: IL-6, interferon-γ, monocyte chemotactic protein-1, IL-8, tumor necrosis factor-α, and IL-1β. These results were consistent with improved lid margin abnormality, meibomian gland expression, meibography findings, and ocular symptoms.
In our previous study, we demonstrated that the meibomian glands of eyelids with an ocular prosthesis are more likely to be lost, and deterioration of normal anatomical structures might lead to obstructive MGD, which was strongly associated with dry eye ocular symptoms. 3 Although, the majority of the patients wearing a prosthetic eye report varying degrees of dryness and discomfort, 25 clinicians and patients have overlooked this discomfort because their primary concern is the health of the remaining eye. 1, 2 Moreover, evaluation of MGD in the anophthalmic socket has multiple limitations compared with the normal eye. First, there is no validated, reliable dry eye questionnaire for prosthetic eye wearers. The Ocular Surface Disease Index, which is the most widely used questionnaire that assesses symptoms in patients with dry eyes, emphasizes vision-related functions such as reading difficulty and blurred vision, which are inapplicable to Table 2 Comparison of baseline structural changes in eyelids and ocular symptoms between prosthetic eyes and paired normal eyes
Normal eye
Prosthetic eye
P-value
Clinical lid findings Lid margin abnormality score
Meibomian gland expression
Meibography findings Meiboscore, upper eyelid 0 (0-1)
Ocular symptom score 12.5 Results are presented as median (interquartile range). P-values were obtained using the Wilcoxon signed-rank test. prosthetic eye wearers. 15 Measurements of tear break up time and ocular surface staining are also useful tools in the evaluation of the severity of MGD, but also cannot be applied to prosthetic eye wearers. One study reported an improvement in Schirmer test results after treatment of dry eye in prosthetic eye wearers with topical cyclosporine. 22 Schirmer testing in the anophthalmic socket, however, shows different results compared with the normal eye because the anophthalmic socket lacks the stimulus for reflex tear production due to absence of the cornea. 26 Noncontact infrared meibography has provided clinicians with objective information of the meibomian gland structure. 24 Structural loss of the meibomian gland was subjectively scored from grade 0 through to grade 3, and used as part of the diagnostic criteria for MGD. 19 The meiboscore, however, may not be a useful tool in evaluating the effect of treatment in MGD because it is difficult to reflect subtle morphologic changes using a grading scale system. Recently, novel image analysis software was introduced for the quantitative and objective measurement of meibomian gland area. 27 Although several studies reported an increase in the mean ratio of meibomian gland area after treatment, the image analysis requires specific software and complicated image manipulation; therefore, the clinical application may be limited. 28, 29 Moreover, meibography may not be a good tool for evaluating the short-term effects of treatment, because it is unlikely that damaged meibomian gland structures will be restored immediately after treatment.
Currently, there is evidence from multiple studies indicating that MGD induces ocular surface inflammation and this inflammation is associated with the development of MGD. 4, 17 This evidence includes reports of increased tear concentrations of IL-1β, IL-6, IL-8, tumor necrosis factor-α, and matrix metalloproteinase-9 in cases of dysfunctional tear syndrome with MGD. [30] [31] [32] Additionally, tear cytokines were shown to be good indicators of clinical improvement after treatment of MGD. 12, 18, 32 In this study, we first showed that topical loteprednol etabonate with eyelid management not only controlled eyelid inflammation by decreasing tear cytokine levels but also provided clinical benefits in treating moderate and severe MGD.
The primary limitation of this study is the lack of a control group; therefore, we could not distinguish between the effects of topical loteprednol and lid management. Another limitation is the small number of subjects. The use of nonparametric statistical methods for tear cytokine concentrations can be attributed to the small number of patients. Nevertheless, there was a statistically significant difference in tear cytokine levels and most clinical indicators of MGD after treatment for 2 months. Regarding the duration of prosthetic eye use and the relevance of MGD occurrence, we have previously reported that patients who had worn an ocular prosthesis for more than 10 years had a significantly greater degree of meibomian gland loss compared with those who had not. In this study, both long-term prosthetic eye wearers and short-term wearers responded well to the management regime, so we could not compare the two groups. Further studies regarding stepwise treatment guidelines based on the duration of prosthetic eye use and the degree of MGD will be needed. Despite these limitations, we believe our findings may contribute to further evaluation of the cytokine profiles in prosthetic eye wearers, and promote active treatment of MGD in prosthetic eye wearers.
In conclusion, topical loteprednol etabonate in conjunction with eyelid scrubs and warm compresses was effective in the treatment of MGD in prosthetic eye wearers. Furthermore, tear cytokine measurements can be an additional approach in evaluating the efficacy of antiinflammatory treatment of MGD in prosthetic eye wearers. Results are presented as median (interquartile range). P-values were obtained using the Wilcoxon signed-rank test.
